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- 7 I INTRODUCTION
ko ; ‘
E % This report summarizes the results of previcus investigations on RADEF g' 3
§ plahning and on radioldgital target analysis procedures for decoitamimation - :
; % scheduling. Precedures were developed for evaluating the résidual numbers for “ %
fi g shelter and operating locations before, during, and after decoucamima tion -so i %
;i ; that -exposure doses could hé»calculuted.l’z’ The correlation of the o i " é
3 § computational résults with shelter protéction and decontamination capability -
é E data provided a meaiis of -deriving decontamination assignments and. operational y ‘«é
?i % schediles that could be carried out within préécribed~exposure:dose limits. B ?
Ei - 3
i T In’the previous investigations, various specific target analysis and ' 'é
;% f ‘ dﬁébﬁﬁém?ggtion.proBiems}were treated and, of the many problems that were: - %A'j z
;; recognizéd and identified, geveral were selected as being important -:and in é
§ § need’ of further consideration. These included: (1) the extension of dose . E
i é eStimatiné tegﬁniques't67a wide variety of postattackxépgratibnél situations; ?
iﬁ i (2) methods fof estimating the optimum time to carry  .out radiological ‘ %
g recovery actions; and (3) the derivation 'of relationships between target area
:? § sizé and decontamination organizational réquiremerts, ‘This report discusses %
%? § the radiological recovery aspects of these Pioglems and the .derived methods ) x‘i
‘ ; and: analytical expréssions appropriaté to their solutién. - ;
%3 é Procedures were developed for estimating decontamination start times %
; ; with- minimum total exposure to groups of people in bhoth-decontamination and é
o E facility opeérations, Methods for estimating: exposure doses to decontamination :, %
E; g crews and facility operator crews were revised to simplify “the evdluationof f %
:i } the effect of previous and concurrent decontamination .operations on the z
f; g effective residual number for a prescribed postattack routine. A method was g
fi devised for rélating the size of decontamination organizations to the dimensions §
‘i t of the area to be decontaminated and the surviving population inurbdn areas., §
: i 1
}
i
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The final problem explored was the effect of increased size {and aunber }

oi decontazination crews on the decontaninatior completion time.
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II DECONTAXINATION STAXY TIME

Gn= major objective of decontamipation planmning and scheduling is %o
prepare the means to recover the use of fzciilties when they are nceded in
tle postazitack period. In «dditicn, it is desirzble that the recovery be
piznned for achicvement =itk the least expenditure of exposure dcse,
=aterials, zund use of manpower. Y¥ith respect to pestattack situations and
nzeds; a facility may be usable or operative before, during, or im-:iiiately
aiter a deccntamination operatiorn; it may not de cperativz uptil repairs (we
=afe, or it may De operable withcut repairs or 2zcontaminzition when inputs and
peonle are availzdble, IT facility soperation requires doth deccontzminatior and
repairs, a greater decontaninziéion lead time generzlily weuld b rseded for a
given operation start time thap for a faciiity that Zoes not require repair

ROTE.

in generzi, the radiological recovery of a given fzcil:ty reguires consid-

eratiocn of panpower utilization for either sequentizl or sizultzneous decontanmi-

nation and facility operations. Yhere the recovery of industrial ouatput is to
B4

be achieved, the plaaning and scheduling cf such operations rmust include considera-

tion of all facilities in the procduction network, so that the allccatien of cap-

-

power, equiprint, and supplies becomes more complicated. Im addition, postattack

countermeasures other than decontaminaticn willi reguire an appropriate share oi

the resources. Thus decoatzmination operations, as a single countermeasure,

supplies, and equipment. In addition, the benefits oI decont-mination should
accrue with respect to other countermeasure operations as well as to facility
operation. For these reasons, plans and schedules for the decontaminaticn

operation need tc be designed so that the initial lecontamination eiforts will

decrease the exposure dose for later operations (rather than the reverse).

€ planned on the basis of a minimua expeadiiure of exposure dose, eiiort,

Nhiah oibaeald
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Exposure Dose and Recovery Effort

Tae accusmulation of expssure dose over 2 given time pericd Isr an individealX

or groups of individuzals may be represented in general oy
t, +2c__
ij

S
D.. = RY I_dt
%5 i3 s @
&
or is
it
D__ = BN, _{i. et &)
3 3175 g
if %%y

shere the subseripl I zepresenic an individugl or a greoups of individuals
{each of w2isl: has the gare ewno_ure): e swhearizt 3 represents a location

- =

zf vhichk the exposure for tke ith group starts at the time £ after attack
i

v

w

aré ends at the time t__ affer attack;t is the time after ztfack; At is th
ij

time pericd that the ith group remains at the jth locatien; I, is the exposure
J

rate at time, €, aiter zttack at Iocation j (referrzd to an extended real

plane) ; and &\"ij is the residual mmber for the ith grovs at loecztion j.

S

If the value of tke limiting exposure dose, D, is selected so that it
renresents a threshold for radiation sickness (i.e., 21} groups i with 20
*
exposure dose of D or iess cax rerforz work without m=edical treztment), then

the sequerntiai exposure dose ior the maxizmum avziiable work force is given by

J
* -
D = ; D__ (3)
onad 3
J=x
or t. + At .
J is ij
D =§ N, { 1. dt (4)
1] J
J=1
<.
is
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Since the fir=%t incremexnt ef exposurs would zorweily De a2ccrued in
shelfer, tha alicsec (or maxtmun} exposure dose durirgp the recovery pericd
{cr lomger}) for the case :Zere tre pevpic are 211 in stalter before fziicut
arrivwes is given by

E\‘* '\* 35
&5, = 2 - D e (6))
wrere
Tp ¥ 0%y
I, ar s>

vﬂ-u
Y
1
o2
ph
(o] \N
[ N

and where }‘L\ﬁ__i is tke skeliexr residuzi numder; t*a is the time of f21lout

arrivai; and Ati-i is the required shelter csray period, In Zguaticas (35)
and (§), the itk group is referred o the shelter locafiorn for identification
s5 that, subsequenily. the initia® shelter avposures znd zssociated groups

can be trezted interchargeably.

%¥ith Ecaations {5) and (8), the fors of Eguations (3) cor {4) becomes

t. <+ At
3 is ii
b 4
Ap. = RN _ i_adt £ 2t + At
s - i3 i is ~ “ia 51 D
j=1
T,
s
or
J if
*
AD =E RN, . I_dt , t. -3t 2t, + At )
i ij J if i) iz iz
j=1
t. . - At
ii ij

x
For a given set of values of ADi as constraints on Equations (7) and (8),

there exists a finite set of limiting vaiues of the parameters RNiJ_, i, tis’

and t__or At ..
if ii

;.Aﬂ.mp- W e da

PO RN

e e ke P A At athe e e e s ek s eme o sae s




*
Tae AD ), of Eguations {7) anc (8) will consist cf dose allccsztions zmong
tae j exposure locations ané comseciiive At__ intervals at each location;
i3
*
if the a2l3ocation for each locestion amd tizme imterval is designates as AD_
13

Gie iaztter zre comstrairad, as im Pquations (7) znd {8), by the sum

3
s E AD°
Y5 % ij @
*®

and AD__ is equel fo one of the respective j terms on the right side of

s

Equations (7) or {8). If the integrals of Equations {7} ané {8) are evaluated

in texrms of 2z doce rate multiplier, designzted as o (vhere __ is the same
23 *13

G

as DAM of previeus reports), tazn the integrals can be written as

o I, = fx_ et (10}

3 . . . o
where £  1is ar arbitrary time after a detonation or time a2fter attack and I
s J

is the \alue of Ij at a2 reference time (usuzlly cne nour after attack); the

o

- . ]
values of ¢__ and Ap__ depend on the selected reference time for Ij.

" 5
If the btij values are rather short and tis is large, then the integrals
of Equations (7) and (8) may be estimated from
t, + 8¢
ig ij
1.0t = f 1_adt (11)
J i J
t,
is

Consexrvative estimates of the time interval allocations can generally
o -1 0
be made by assuming that I_ varies as Ij t (where Ij is the value of Ij
]

at t = one hour after detonation); using this variation of Ij with t,

the integrals of Equations (7) and {8) become

4

5’;
]
3
3
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t +Ati
o (t ¢ F Atig S J
I 4n ————= = 1. dt (12)
J £, j
1s
t,
is
and
Lyt
t
if
I? fn ————— = 1.dt (13)
3 (t,, -4t ) J
if ij At
tie ~ Bty

%
The values of ADij for the representations of Equations (10) through

(13) are, respectively:

* o

AD, = RN,  Ap. I (14)
1J X R %
x - :

AD, . = RN, At 1. (15) :
ij ij i3 J . :
*k 0 .

AD, . = RN, I 4n [(t. + At )/, ] (16)
ij ij is ij is

and

* o}

AD, . = RN, _ X, ﬂn[t_ /(t, - At, _)] a7 .
ij ij 73 if if ij \

If m, is designated as the number of workers in shelter i (i.e., of the - ‘é

initial ith group) and n is the number of shelters having positive values of

*
AD: (i.e., if ADi is zero or negative, the group is not counted as contributing
to the work force), then the maximum work that can be obtained from the group <

up to time, t, after attack is given by T

E(max) = T

NE

(t-t, )m, man~-days (18)
- ix” i ;

o

where tix is the shelter exit time, equal to tia + At and T is the average

ii’
fraction of time or of each day over which all the workers could perform useful

work (e.g., for an 8~hour work day, T is 1/3).

e e it o e i s i 5 ot tne K S/ toh B} oo " s i s k) o e fanh < s roeatiohon b s abses P 2 s
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1t aij is the fraction of the ith group that work at location j either
to contribute work as part of a decontaminationr crew or, because of their
skills, to work at a facility operation, then the distribution of the workers
to a locatior for a given task over the time period Atij or on a2 continuing

basis may be represented through the work requirements given by

dec) = m, 7. At ~-d 13

Ej( ec) E : aij s P13 BFs man-days a9)
i=1l

for short-term tasks, such as decontamination, or by

n
— Q’ &t T t—t -
Ej(fo) E i3 m i ( iS) man~-days 0)

i=1

for long-term tasks or facility operation. In Equations 12 and 20, Tij is the
fraction of the time or of the day that group i (or fraction thereof) works at

location j. Thus for each group, the sum of Tij over the locations must be

1 =Z T (21)
13

equal to unity; hence I
: 3=l

The actual working time at location j for all i groups, ATj, is defined by

AT, = T At (22)
J j 3

where At. is the total of the time periods assigned for work at locatiopn j and
J

Tj is the average fraction of time that all workers spend on the job, Then,

n

AT = Z T At (23)
J 1] 1J

i=1

When AT& is the time required to do a short-term task at location j and

it is performed by a single group of people, then the subscript i can be dropped
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and Rquaticn (23) reduces to Egquation {(22).

If all the values for Ej (dec) a2nd E (fcj are known, then the To*al re--
J

quired effort may be estimated Iron

3
E. = ZrE_(-dec} + E_(fo)] 24)
L3 3

T
J=2
The constraint on the manpower for ET is that at ail times, t,

E’i‘ < E {(nzx) {25)

For most short term tasks and facility operations, full uvtilization of
the manpower will mnot be realized until full crews or the major portion of the
crews are present for work. Under these conditions, Atij becomes Atj and tis
becomes tjs in Bquations (15) through (17) and in Equations (19) and (20); the

latter two can then be written as

E (decy = T.A4¢t, .. m, {26)
J J J i 1
i=1
or
E (dec) = 7T At m. {(27)
J J 33
and
n
E _(fo) = T (-t ) S
3 is E Y% ™ (28)
=1
or
E(fo) = T (t-t_, ) m, (29}
J J Js J
where
n
m = E o, . m, 30)
J ij i
i=1l
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Since Ej(dec), E _(fo) or dE (fo)/dt, and mj for specified tasks and
J J
facility operations are useally known, the manpower requirements and time

iinitations may be evaluated through substitution of Equaticns (26) through

(29) in Equations (14) through (17}, as applicable. The explicit forms are:

RN_. E_(dec) I_
2] 3 J

* i
AD. . = — {31}
1] (e -
J a
or
. t_s + E _(dec)/T m '}
Ap, = RN, . 1° &n |- J 4.2 (32)
i) ij a3 tjs

¥
where t is the starting time for the recovery task; if the ADij are allocated

js
among the tasks or the j locations for each group of people, then t's is
J
given by
Ej(decﬂ

t = — o (33)

5 AD: - N: =1

Jjs Tm [e _\Du/R.NUIJ) -1 i

iJ J

for short-time tasks, and for continuous facility operation after tjs'

A series of startiang times were calculated from Equation (323) for various
assumed values of ADjj and Atij. These were then compared with tjs values de-
termined from Equation (14), where the latter provides the best estimates
currently available. The results from a typical example are shown in Table 1
for the case where AD:j = 100r and F (dec)/ijj = 10 days. Residual number
RNij was assigned a value of 1.0 for all the examples tried., It is readily
apparent from the entries in the table that Equation (33) gives starting times
5 to 8 times larger (later) than those derived from Equation (14). Obviously,

such ultraconservative t's values are not suitable for planning and scheduling
J

recovery operations,

10
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Table 1

STARTING TIME COMPAKISONS*

I (x/nx) Eq. (33) Eq.(14) Zq. (36)

4 1,000 95 19 21 ‘
f 2,000 196 40 42

3 5,000. 500 108 95

10,000 1,000 180 175

| 20,000 2,000 260 320

tjs in days.

LI P

S Ny

4
More reasonable estimates of t's can be made from Douglass' Zfirst
-1.2
approximation of the t relationship where the integral of Equation (7)

is represented by

t., + Ot ;
) o Ats o ~1.2 Js ij
. 1. At . (t_ +__.’:J) = f1. 4t (34)
A J i M\ Js 2 J
. tis )
‘ E The expression for allowable dose becomes -
. B " o Dt s -1.2
AD, = RN_, I, At (t_ +——1—1~) (35)
; ij ij J ij js 2
- from which the starting time in hours is ,
d r s 12 0.833
£, wfgdemdlopt - 1/2 0t . (36)
jis ADij ij ij
E E;(dec
< ¥ where Ati, > At = Fl(—n-f_l from Egquations (i19) and (27).
& ; ’ ’ 33
N {: ‘ '
b 11
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: Using Equation (36) and the ADij and At inputs cited earlier, additional 3
o . ] g
. values of tjs were cbtained and entered in Table 1 for ready ccmparison with é
oo the previous results. It is evident that for this typical caSe, Equation : ;
! : Lo
;‘ (36) agrees closely with Equation -(14), the reference expression, except ;
» o ;
} for the highest I..
t ~ o j
Equations (35) and (35) are especizally applicable to the shorter term ’ i

tasks. They may be used for moderately long term tasks (> 1 month) if the ; %

ratio of Atj to tjs is generally less than 3. Under these conditicns, the '%

K

4

equations usually provide cconservative estimates for either dose or starting
time., When the sum of At  and tjs approaches two years, starting time esti-
J

mates will tend to be over conservative.

P e T T g tags M.

Equation (36) was used to construct the family of curves shown in
Figure 1. The curves reveal how starting time tjs increases with respect

o
to the standard exposure rate I for selected values of task interval Atj.
J

The restrictions on manpower allocations at location j at any time are

given by

Nt S taeman m &

1
[

i
]
]
a
1
.
i
5
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o =, 8% f
i=1 '
or
J n
N =Z Z Q’___ m_ (38)
o iJ 1
j=1 i=1
where
J .
1 = o, . 39 2
iy (39) ;
J=1 E

b N L

1f the time pericds, tj, or the work rates, Ej(dec)/Atj, are known, then
the total manpower requirements for both short term and long term tasks at

a given time may be estimated from

YO ST

J
N = Z /7y [dEj(fo)/dt +5, (dec)/Atj] (40) ]
=1

in which the maximum number for allocation is at N = No

The postattack situation variables that must be known before manpower

D P AL (O PR Y L  T1I WETH

allocation can be made include the n shelters, the mi workers/shelter, the

Lrg s s

RNii shelter residual numbers, the I§ standard intensity values for the j

L

locations. The operational parameters that are needed include the effective

N 23 Eo

RNij residual numbers, the aij group dispersion or skill distribution
coefficients, the Tij or Tj effective working time factors, the dEj(fo)/dt
and Ej(dec)/Atj manpower cequirements for both long term facility operations
and short term tasks for all j locations of interest (these define the mj),

ES
and D, the limiting exposure dose.

Although the above equations, as written, specify parameter values for E

the conditions under which each person of all groups i (or at least those oi

LR A S

14

ot g fbian =

-
o g b

o

'

M&nﬁ«%&?& FUW 0 i T WA R A TR ALY




it

T PATY

T i i

5 ﬂF'&'\x Artishal

m‘” S LS LR

- e e o ~ - - R i e e I

one group) receive the maxinum allowed exposure dose_ D*, aore conditions.
should be found shere this is mot the case; thus for tis or t_ values
greater than the =minimxun value (for given values of Rﬁi_ and io), the ex-
posure dose, Dij’ witkin two- years after the*attack would be less thar AD;J,
and the total of these could be less than £D;. 4And where this is the case,
consideration could be given to manpower ailocations that result in more

egual exposure doses to all personz or to those that would minimize the

{average) exposure dose of the Nb workers where the latter is represented by

J n
D = (1/85) E E @ . n D . (41}
° ij 3 i3i
J:l i-1

cm the point of view of recovery objectives, it would appear that
emphasi should be given on manpower allocations that minimize the tjs for
long term operations, maximize the number of workers on the long term tasks,
minimize the number of workers on the short term tasks, or minimize the time
spent on short term tasks. (Actually, if the last three were accomplished,
the tjs would be minimized.) In general, allocations that emphasize early

recovery of facilities would tend to maximize the exposure dose allocations

and would be in opposition to minimizing D of Eqaation (41).

Contribution Factors, Residual Numbers, and Decontamination Effectiveness

The relationships among decontamination effectiveness, effort, sur-
faces, decontamination methods, radiation intensities, and surface density
of fallout particles are discussed below., In general, the gamma radiation
at a point in location j is the sum of the radiations from fallout parti-
cles lying on exposed surfaces within 200 to 300 feet from the point.

If the whole area on which the contributing sources are deposited is
sectioned according to type of surface and geometrical configuration with
respect tc the point of interest and each section is designated by the

letter k, then Sjk is the area of the kth surface at location j whose sources

15
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contribute to the gama radiztion at the point j . If the radiation rate
atpoix:tjmtrihntedbythesmmonm!aukisdesimtedaszjkz
then the radiation rate at point j is giwven by

- - Y
Ij = E ‘jk 42>

k=1

where x is the totzl mmber of conirituting surfaces. If nj is desigzated
2s the average mmber of radicactive atoms per unit area that woulid have
been deposited on an ideal smooth plane over the area of the k surfaces
(znd are present at time, t, after attack) arnd Ij is defined as the ratio
of the exposura rate at 3 Izet from the plane tc the mmber of atoms per
urit area (at time, t), then the infinite smooth plane expcsure rate at a
height of 3 feet is given by
I ) = K on 3
If variation in the surface density of the fallout particles among

the k surfaces is considered, then the average value of nj is given by

x
= 2 S -
mo= (/8 E Sk Pix 49y
k=1

4‘%

where n,k is the average surface density of the radioactive atoms on the
kth surface at location j, and Sj is the sum of the Sjk over k. Although
an I (x) value could be computed from X_n__ for each s area, the

Jjk J ik 3k
average value of Ij {») from Equations (42) and (44) would generally be

representative of I 3 (=) . where fallout models are used, Ij (=) is estimated

directly as the reference point.

The relative exposure rate contribution factor of the sources on surface

k to the exposure rate at point j is defined by

16
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€ = I_J/I_{=) (45)
jr 3k

jk

or
> = Vs aw (S
cjk Ijk. Ij( )] (48)

+here c;k is actuzlly the fractiom of tde infinite swootk piane exposure
rate {at 3 feet) at point j that is coatribated by the sources on sari-.ce
k. The average shieldirg resitual number, relative to the Znfinite smooth

plare excosure rzte, is Jdefined by

T of = = 4
nj( 3 Ij/Ij( 3 €17)

———— o
BX (@) = Z c {48
j() 5k )

It Fj ikis designated as the fraction of nj K {or nj) that remains after

decontamination of the surface zrexz k by method £ (subscript £ indicates

cr

surface type and method cosbination}, then the remaining surface density

- = s
of the radiation scurces, n

i after 2opiicaticn of the metnhod, is
ik !

af = P =m (42)
3

£x Y%

and the exposure rate conitributions affer decontamination are

F 2

ljx.e(‘”) = P Ij,x =) (30)
' = P, 1 1)
jk&  Tifx jk

and
)
IjkJa = szk cgk Ij () (52)
17
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The decoatasination residual aumber for the location j (i.e., for

those of group i at location i) is defimed by

&) - 3 E : 7 G
axij(dec, (lllj} Zixe {53)
k=1

ard substitution of Equations (47) or {48) and (52} in Egvation (£3) gives

x
-
2¥, _(dec) = lym:_(«:)] E F, ¢ (54)
3 Jd jik ik
k=1
or
x X
(v ked
RX__(de =E ¥ . c.
13 ¢ c) stk Cix . Sk (55)
k=1 / =

Thus, ihe post decontamination residuzl nuanber relative to the infinite smooth

plane exposure dose rate lor other reference used in the caiculation of I;(”)] is
J

RN, . = RN, {dec) RN (=) (56)
ij ij j
[vD o %z
RN — F Co (:-1)
- E itk ik o
k=1

The value of the fraction of the faliout particles not removed from a
surface such us a rcof or paved street devends on the amount of particles
per unit area, on the level of work applied in the removal, and on the
removzl method. In most cases, work is applied incrementally in proportion
to the number of passes that are made over a given area. Although
fractional passes over the area are possible, the area wuld narmally be
divided so that the section designated by k was treated one cr more times
by a given method; in addition, fractional passes could be made to clean
up spills and portions of a surface that were more difficult to clean than
the remainder of the area.
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